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METHODS AND APPARATUS FOR INTEGRATED CIRCUIT DEVICE 



POWER DISTRIBUTION VIA INTERNAL WIRE BONDS 



Field of the Invention 

The present invention relates generally to the field of integrated circuits and, more 
5 particularly, to power distribution within integrated circuit devices. 

Background of the Invention 

Although much research and development effort is devoted to aspects of integrated circuit 
technology such as the devices in the circuit and their operating speeds, other aspects of integrated 
circuit technology are of equal importance for progress within the field of integrated circuits. 

10 Specifically, power distribution through existing integrated circuit devices has hampered further 
development within the field. For example, due to technological developments, as power 
consumption increases above several watts in a given device, voltage levels decrease to 1.2 V or 
lower. It is this power distribution voltage drop in large integrated circuit designs that has become 
a problem of increasing importance. 

1 5 In order to improve the power distribution of an integrated circuit device, the current method 

of power distribution and elements of an integrated circuit device involved in power distribution 
must first be understood. A positive voltage supply ring and a negative voltage supply ring typically 
surround the periphery of a die of an integrated circuit device. Positive voltage supply and negative 
voltage supply connections are made from the positive voltage supply ring and the negative voltage 

20 supply ring to bond pads along the periphery of the die via bond wires. These positive voltage 
supply and negative voltage supply bond pads are typically disposed among those bond pads used 
to transmit signals from the integrated circuit device to a leadfi-ame, ball grid array package, pin grid 
array package or other packaging structure. The power must be distributed through internal points 
of the integrated circuit device from these positive voltage supply and negative voltage supply bond 

25 pads along the periphery of the die. It is this distribution or connection that significantly drops the 
power distribution voltage levels of the integrated circuit device. 

Power is routed fi-om the bond pads on the periphery through metal lines in the integrated 
circuit device. However, due to the fact that these metal lines may not cross over or contact other 
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metal connectors for circuits or other elements of the integrated circuit device, the metal lines may 
be forced to take longer and more complicated routes to reach the interior area of the integrated 
circuit device. Further, in order for a sufficient amount of power to be provided to the interior of the 
integrated circuit device, a metal line or other type of internal bus must be significantly thicker than 
5 the ordinary metal connectors. Once power is provided to the interior region of the integrated circuit 
device, local power interconnects of significantly smaller size may distribute the power to circuit 
elements. Power distribution voltage drop occurs when there is a high resistivity, thereby reducing 
the efficiency of the integrated circuit device. The complicated and imnecessarily long routing paths 
for the power, and the inability to provide a large enough bus to the interior region of the integrated 

10 circuit device contribute to the power distribution voltage drop. 

Presently, attempts to solve the power distribution voltage drop problem include the 
utilization of more metal layers in the integrated circuit device. The additional layers may allow for 
more direct routing of the metal lines and easier access to the interior region of the integrated circuit 
device. However, the addition of metal layers to the integrated circuit device increases the cost of 

1 5 wafer processing and may not adequately address the problem of power distribution voltage drop, 
even when utilized to its maximum extent. Integrated circuit devices with more layers have lower 
reliability since there is a greater possibility of defects. When additional metal layers do not resolve 
the power distribution voltage drop problem, flip-chip packaging technology has been utilized. 
However, flip-chip packaging further increases integrated circuit processing cost because it utilizes 

20 a solder bumping process and more expensive package substrates. 

Further developments in integrated circuit devices are demonstrated in U.S. Patent No. 
5,75 1 ,065, entitled "Integrated Circuit with Active Devices Under Bond Pads," which is incorporated 
herein by reference. Due to conventional bonding technology used to attach wires to bond pads, and 
to design constraints, bond pads typically have relatively large dimensions as compared to the device 

25 dimension and occupy or cover a significant portion of the chip surface. The area underneath the 
bond pads thus occupies a substantial fi"action of the entire chip surface. Techniques disclosed in 
the above-cited patent allow active circuitry to be placed under bond pads in an integrated circuit 
having at least three metal layers. The metal layer adjacent the bond pad layer acts as a buffer. 
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provides stress relief, and prevents leakage currents between the bond pad and underlying circuitry. 
Although the disclosed techniques provide more room for circuitry, they do not directly address the 
problem of excessive power distribution voltage drop. 

Thus, a need exits for techniques that reduce the voltage drop associated with power 
5 distribution in an integrated circuit device without significantly increasing integrated circuit device 
processing cost. 

Summary of the Invention 

The present invention provides techniques for power distribution within an integrated circuit 
device that reduce the voltage drop typically associated with conventional power distribution in such 
10 devices. 

In accordance with one aspect of the invention, an integrated circuit device comprises a die 
having a top surface with a peripheral region and an interior region surrounded by the peripheral 
region. Bond pads are disposed in the peripheral region of the die. One or more internal power 
buses are disposed in the interior region of the die. The one or more internal buses distribute power 

15 to internal node points of the die. One or more bond wires connect one or more of the peripheral 
bond pads with one or more internal buses. 

In accordance with another aspect of the invention, an integrated circuit device is constructed 
by forming an integrated circuit die having one or more peripheral bond pads and one or more 
internal buses. The one or more internal buses are configured for distributing power to a plurality 

20 of internal node points. The one or more peripheral bond pads are then wire bonded to the one or 
more internal buses. 

The present invention in an illustrative embodiment provides an integrated circuit device in 
which power is delivered to internal positive voltage supply and negative voltage supply buses on 
a die, via bond wires attached to bond pads in a peripheral region of the die. The bond wires may 
25 originate from the same bond pads used to provide external positive voltage supply and negative 
voltage supply connections for the die, or they may originate from separate bond pads that are 
connected to the bond pads used to provide the external positive voltage supply and negative voltage 
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supply connections. These bond wires then connect to internal positive voltage supply and negative 
voltage supply buses in an interior region of a top surface of the integrated circuit die. Active 
circuitry may be disposed beneath one or more bond pads associated with the internal buses, so as 
nottoreducesignificantlytheportionofthediethatisutilizableforactivecircuitry. Thiswirebond 

5 comiection from peripheral bond pads to bond pads of the internal buses helps to reduce the overall 
power distribution voltage drop within the device. 

These and other objects, features, and advantages of the present invention will become 
apparent from the following detailed description of the iUusfrative embodiments thereof, which is 
to be read in connection with the accompanying drawings. 

10 Brief Description of the Drawings 

FIG. 1 is a top view of an integrated circuit device illustrating positive voltage supply and 
negative voltage supply bond pads shared by internal bond wires and external bond wires for power 
disfribution through the integrated circuit device, according to a first embodiment of the present 

invention; 

1 5 FIG. 2 is a top view of an integrated circuit device illusfrating positive voltage supply and 

negative voltagesupplybondpadsforextemalbondwiresandadditional positive voltagesupply and 

negative voltage supply bond pads for internal bond wires for power distribution through the 
integrated circuit device, according to a second embodiment of the present invention; and 

FIG. 3 is a flow diagram illusfrating an integrated circuit device construction methodology 
20 utilizing internal wire bonds for power distribution, according to an embodiment of the present 
invention. 

Detailed Description of the Pr eferred Embodiments 

As will be illusfrated in detail below, the present invention in the illustrative embodiment 
provides techniques for disfributing power and reducing the associated voltage drop through an 
25 integrated circuit device by linking internal buses with peripheral bond pads via bond wires. 



4 



Davison 4-7-23 

Referring initially to FIG. 1, an integrated circuit device 100, in accordance with a first 
illustrative embodiment, comprises a die 1 0 1 having a periphery with four sides and an interior area. 
Bond pads 102 are disposed along the periphery of die 101 and are used in establishing bond wire 
connections for the transmission of signals from integrated circuit device 100. Positive voltage 
5 supply bond pads 104-1, 104-2 and negative voltage supply bond pads 106-1, 106-2 are also 
disposed along the periphery of die 101. Positive voltage supply bond pads 104-1, 104-2 and 
negative voltage supply bond pads 106-1, 106-2 may be disposed among bond pads 102. In the 
embodiment shown in FIG. 1, three positive voltage supply bond pads 104-1, 104-2 and three 
negative voltage supply bond pads 106-1, 106-2 are evenly spaced in positive/negative voltage 

10 supply pairs along each side of die 101. The phrase "positive voltage supply," as used herein is 
intended to include, for example, a VDD voltage supply, while the phrase "negative voltage supply," 
as used herein is intended to include, for example, a VSS voltage supply or ground. 

A positive voltage supply ring 108 and a negative voltage supply ring 110 surround the 
periphery of die 101, and act as a power source and sink, respectively, for integrated circuit device 

15 100. Positive and negative voltage supply rings 108, 1 10 may be incorporated into the support 
structure for the interface between the chip bond wire and external pins and may take shapes other 
than that of a ring around the periphery of die 101. Further, positive and negative voltage supply 
rings 108, 1 10 are externally connected to positive and negative voltage supply rails (not shown). 
Positive voltage supply bond pads 104-1, 104-2 are wire bonded to positive voltage supply ring 108 

20 by external bond wires 1 12. Negative voltage supply bond pads 106-1, 106-2 are wire bonded to 
negative voltage supply ring 110 by external bond wires 112. External bond wires 112 provide the 
transmission of power to and from integrated circuit device 100. The number of external bond wires 
1 12 correlates to the total number of positive voltage supply bond pads 104-1, 104-2 and negative 
voltage supply bond pads 1 06- 1 , 1 06-2 wire bonded to positive voltage supply ring 1 08 and negative 

25 voltage supply ring 1 1 0, respectively. 

Internal bond wires 116-1,1 16-2 connect positive voltage supply bond pads 104-1, 104-2 
with internal positive voltage supply buses 118-1,118-2 of an internal power distribution grid. This 
internal power distribution grid may be in the form of or part of a metal grid. Such a metal grid is 
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an example of what is more generally referred to herein as an "internal bus" that distributes power 
to internal node points of an integrated circuit device. Internal bond wires 116-1,116-2 also connect 
negative voltage supply bond pad 106-1, 106-2 with internal negative voltage supply buses 120-1, 
120-2 of an internal metal grid. Therefore, in the embodiment shown in FIG. 1, positive voltage 

5 supply bond pads 104-1, 104-2 may be shared by external bond wires 1 12 and internal bond wires 
1 16-1, 1 16-2. Further, negative voltage supply bond pads 106-1, 106-2 may be shared by external 
bond wire 1 12 and internal bond wires 116-1,116-2. 

Not all positive voltage supply bond pads and negative voltage supply bond pads must be 
wire bonded to the internal metal grid. As shown in the embodiment illustrated in FIG. 1, it is 

1 0 possible to have a positive voltage supply bond pad 1 09 and a negative voltage supply bond pad 1 1 1 
that are connected to positive voltage supply bus 118-3 and negative voltage supply bus 120-3, 
respectively, through the traditional means, although such a connection is not explicitly shown in 
the figure. Otherpositive voltage supply bond pads 104-1, 104-2andnegative voltage supply bond 
pads 106-1, 106-2 are linked to the metal grid through internal bond wires 116-1, 1 16-2. In this 

1 5 embodiment, positive voltage supply and negative voltage supply pads on only two of the four sides 
of die 101 are connected to internal bond wires 1 16. 

Further, as illustrated in FIG. 1, internal positive voltage supply buses and internal negative 
voltage supply buses may be disposed on die 101 in three sets of parallel pairs. Internal positive 
voltage supply bus 118-1 and internal negative voltage supply bus 120-1 extend parallel to a side of 

20 die 1 0 1 having positive voltage supply bond pads 1 04- 1 and negative voltage supply bond pads 1 06- 
1 , to which internal positive voltage supply bus 118-1 and internal negative voltage supply bus 1 20- 
1, respectively, are wire bonded. Internal positive voltage supply bus 118-3 and internal negative 
voltage supply bus 120-3 extend parallel to internal positive voltage supply bus 118-1 and internal 
negative voltage supply bus 120-1 across the middle of die 101 without wire bond connections. 

25 Finally, internal positive voltage supply bus 1 18-2 and internal negative voltage supply bus 120-2 
extend parallel to a side of die 101 opposite that of internal positive voltage supply bus 118-1 and 
internal negative voltage supply bus 1 20- 1 , and are wire bonded to positive voltage supply bond pads 
104-2 and negative voltage supply bond pads 106-2, respectively, disposed on that side. 
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Therefore, in the embodiment of the present invention shown in FIG. 1, internal bond wires 
116-1,11 6-2 transmit power to and from the internal metal grid. The use of internal bond wires 1 1 6- 
1, 116-2 provides an inexpensive means to distribute power to the metal grid while reducing the 
associated voltage drop. This embodiment illustrates three positive voltage supply wire bond 
5 connections to internal positive voltage supply buses 118-1,118-2 and three negative voltage supply 
wire bond connections to internal negative voltage supply buses 120-1, 120-2. Internal positive 
voltage supply bus 118-1,11 8-2 and internal negative voltage supply bus 1 20- 1 , 1 20-2 of the internal 
metal grid then may distribute power to and from internal nodes of integrated circuit device 100. 
The internal nodes of integrated circuit device 100 may be in the form of circuits or other elements, 

10 and power may be provided to these elements through local power interconnects. 

Internal bond wires 116-1, 1 16-2 may be bonded to bond pads on internal positive voltage 
supply bus 118-1,118-2 and internal negative voltage supply bus 120-1,1 20-2 with active circuitry 
being disposed under these bond pads. Thus, the bonding areas of internal positive voltage supply 
bus 118-1,118-2 and internal negative voltage supply bus 120-1, 120-2 can be configured so as not 

15 to reduce significantly the portion of die 101 that is utilizable for active circuitry. A plurality of 
patterned metal layers may exist between the bond pads and the semiconductor layer with the active 
devices. The metal layer nearest the bond pads shields and protects the devices from the stress 
produced during the bonding process. The electrical connections between bond pads and the active 
circuitry are made through windows in the dielectric layers, between the bond pads and the active 

20 devices, which expose portions of the active circuitry and are filled with metal. In a preferred 
embodiment there are at least three metal layers. 

Referring now to FIG. 2, an integrated circuit device 200, in accordance with a second 
illustrative embodiment, comprises a die 20 1 having a periphery with four sides and an interior area. 
Bond pads 202 are disposed along the periphery of die 201 . Further, bond wires 203 are bonded to 

25 bond pads 202 so that they may be utilized in sending signals to or from integrated circuit device 200 
via a leadframe, ball grid array package, pin grid array package or other packaging structure. 
Positive voltage supply bond pads 204- 1 , 204-2 and negative voltage supply bond pads 206- 1 , 206-2 
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are also disposed along the periphery of die 201 among bond pads 202, in a manner similar to that 
illustrated in FIG. 1. 

Positive voltage supply bond pads 204-1, 204-2 are wire bonded to positive voltage supply 
ring 208 by external bond wires 212. Negative voltage supply bond pads 206-1, 206-2 are wire 

5 bonded to negative voltage supply ring 2 10 by external bond wires 212. The embodiment of FIG. 
2 illustrates additional positive voltage supply bond pads 205-1, 205-2 disposed adjacent to each 
positive voltage supply bond pad 204- 1 , 204-2. Additional negative voltage supply bond pads 207- 1 , 
207-2 are disposed adjacent to each negative voltage supply bond pad 206-1, 206-2. Additional 
positive voltage supply bond pads 205-1, 205-2 are connected to positive voltage supply bond pads 

10 204-1, 204-2 through a metal trace or other interconnect of integrated circuit device 200, not 
specifically shown in the figure, thereby allowing power to flow from bond pad to bond pad. 
Additional negative voltage supply bond pads 207- 1 , 207-2 are connected to negative voltage supply 
bond pads 206-1, 206-2 in the same fashion. Internal bond wires 216-1,216-2 connect additional 
positive voltage supply bond pads 205-1, 205-2 with internal positive voltage supply buses 218-1, 

15 218-2 of an intemal metal grid. Internal bond wires 216-1, 216-2 also connect additional negative 
voltage supply bond pads 207-1, 207-2 with intemal negative voltage supply buses 220-1, 220-2 of 
an intemal metal grid. Therefore, FIG. 2 illustrates an embodiment in which additional bond pads 
205-1, 205-2, 207-1, 207-2, provide connections for intemal bond wires 216-1, 216-2, while bond 
pads 204-1, 204-2, 206-1, 206-2 provide connections for external bond wires 212. 

20 In the embodiment illustrated in FIG. 2, it is possible to have a positive voltage supply bond 

pad and a negative voltage supply bond pad that are connected to intemal positive voltage supply 
bus 218-3 and intemal negative voltage supply bus 220-3 of integrated circuit device 200 through 
the traditional means, not shown in the figure. Other positive voltage supply bond pads 204- 1 , 204-2 
and negative voltage supply bond pads 206- 1 , 206-2 are linked to additional positive voltage supply 

25 bond pads 205- 1 , 205-2 and additional negative voltage supply bond pads 207- 1 , 207-2 and the metal 
grid through intemal bond wires 216-1, 216-2. Only positive voltage supply and negative voltage 
supply pads on two of the four sides of die 101 are connected by intemal bond wires 216. 
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* In FIGS. 1 and 2 power is received at a peripheral region of a top surface of a die of an 
integrated circuit device from an external power connection. The external power connection may 
be through a positive voltage supply ring and a negative voltage supply ring that supplies power 
through bond wires to bond pads on the periphery of the integrated circuit device. The power is 

5 supplied from the peripheral region to internal buses within the periphery of the die of the integrated 
circuit device through bond wires. Power is then distributed from the internal buses to circuit 
elements or other internal node points of the integrated circuit device. 

Referring now to FIG. 3, a flow diagram illustrates an integrated circuit device construction 
methodology utilizing internal wire bonds for power distribution, according to an embodiment of 

10 the present invention. In step 310, an integrated circuit die is formed having peripheral positive 
voltage supply and negative voltage supply bond pads and internal positive voltage supply and 
negative voltage supply buses. In step 320, peripheral positive voltage supply and negative voltage 
supply bond pads are wire bonded to the positive voltage supply and negative voltage supply buses, 
respectively. 

15 Accordingly, as described herein, the present invention in the illustrative embodiment 

provides power distribution through an integrated circuit device and, more particularly, power 
distribution via bond wires from a periphery of a die of the integrated circuit device to an internal 
metal grid or other internal power distribution bus of the integrated circuit device. 

Advantageously, the present invention in the illustrative embodiments provides techniques 

20 for distributing power through an integrated circuit device in which bond wires are utilized for 
connecting the positive voltage supply and negative voltage supply from the periphery to internal 
buses. Wire bonding is a relatively inexpensive process that allows for sufficient transmission of 
power to interior regions of the die of the integrated circuit device without increasing the number 
of metal layers. Further, bond wires provide lower resistivity than traditional metal lines. Thus, the 

25 use of internal wire bonding as disclosed herein substantially reduces the power distribution voltage 
drop that normally occurs in metal lines routed from the bond pads to the internal buses of the 
integrated circuit device. 
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Additional embodiments of the present invention may utilize different numbers and 
configurations of the positive voltage supply and negative voltage supply bond pads. Further, the 
integrated circuit device may take on a variety of different sizes or shapes, and all sides need not be 
of substantially equal length. The particular distribution paths of the internal positive voltage supply 

5 and negative voltage supply buses may vary, but may correlate generally to the shape of the die and 
the integrated circuit device, as well as the placement of the positive voltage supply and negative 
voltage supply bond pads on the periphery of the die. The number and configuration of the internal 
buses may also vary. The internal buses may also be configured without active circuitry being 
disposed underneath the associated bond pads. Finally, the number of wire bonds from the periphery 

1 0 of the integrated circuit device to the internal buses may vary depending on the power requirements 
and the number of bond pads and internal buses. 

Therefore, although illustrative embodiments of the present invention have been described 
herein with reference to the accompanying drawings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various other changes and modification may be made 

15 by one skilled in the art without departing from the scope or spirit of the invention. 
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